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1
ROBOT PICKING SYSTEM, CONTROL
DEVICE AND METHOD OF
MANUFACTURING A WORKPIECE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-055225,
filed Mar. 18, 2013, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND

1. Field

The present disclosure relates to a robot picking system, a
control device and a method of manufacturing a workpiece.

2. Description of the Related Art

There is a picking technique of taking out a corresponding
work from a stocker in which works having the same shape
such as bolts are randomly accommodated and holding the
corresponding work. A robot picking system using a picking
technique is disclosed in JP 2012-240166 A. In this robot
picking system, first of all, an adsorption nozzle holding a
target work is moved to a certain position. Then, after suction
of the adsorption nozzle starts, the adsorption nozzle is
moved toward a target work.

SUMMARY

In order to solve the above problem, a robot picking system
according to the present disclosure includes a robot including
a picking-up unit that picks up a work in a stocker accommo-
dating a plurality of works, a control device that controls an
operation of the robot, and an image acquiring device that
acquires image data including information related to the plu-
rality of works, wherein the control device includes a trajec-
tory data generating unit that generates a first trajectory
including a first zone in which a posture of the picking-up unit
is changed and a second zone in which the picking-up unit
having the changed posture approaches a target work that is a
picking-up target.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a robot picking system
according to the present embodiment;

FIG. 2 is a diagram for describing a robot;

FIG. 3 is a diagram for describing first trajectory data and
second trajectory data;

FIG. 4 is a diagram for describing a computer implement-
ing a control device;

FIG. 5 is a functional block diagram of the control device;

FIG. 6 is a diagram for describing a method of calculating
a trajectory;

FIGS. 7A to 7C are diagrams for describing a method of
calculating a trajectory;

FIG. 8 is a diagram for describing a main process of per-
forming a picking-up operation;

FIGS. 9A and 9B are diagrams for describing a process of
generating a trajectory; and

FIGS. 10A and 10B are diagrams for describing a process
of generating a trajectory.

DETAILED DESCRIPTION

Hereinafter, a plurality of embodiments of a robot picking
system, a control device and a method of manufacturing a

10

40

45

55

60

65

2

workpiece will be described in detail with reference to the
appended drawings. Note that, in the description of the draw-
ings, the same structural elements are denoted with the same
reference numerals, and repeated explanation of these struc-
tural elements is omitted.

<Robot Picking System>

FIG. 1 is a diagram illustrating a robot picking system 1
according to the present embodiment. FIG. 2 is a diagram
illustrating a mechanism of a robot R illustrated in FIG. 1. As
illustrated in FIG. 1, the robot picking system 1 picks up
(takes out) works W in a first stocker (container) 2 one by one
and transfers the works W to a second stocker (container) 3.
The first stocker 2 is a container made of resin or metal, and
a plurality of works W in bulk are accommodated in the first
stocker 2. The works W accommodated in the first stocker 2
are parts having the same shape such as bolts. The work W
picked up from the first stocker 2 is accommodated in the
second stocker 3, for example, according to a predetermined
arrangement or posture.

The robot picking system 1 includes the robot R that picks
up the work W from the first stocker 2 and transfers the work
W to the second stocker 3, a control device 4 that controls an
operation of the robot R, and an image acquiring device 6 that
acquires an image included in image data of the work W.

<Robot>

FIG. 2 is a diagram for describing the robot R. As illus-
trated in FIG. 2, the robot R is a so-called multi joint robot,
and includes a base 7, an arm 8, and a gripper (robot end
effector) 11 serving as a picking-up unit. The base 7 is the
foundation of the robot R and fixed to a floor 12. The arm 8
includes a plurality of arm sections 8a and a plurality of
rotational joints J1 to J7 that connect the arm sections 8a.
Thus, the robot R has a 7-degree-of-freedom constitution in
which a redundant degree of freedom is added to a 6-degree-
of-freedom constitution necessary for operation in a three-
dimensional space. However, a robot to which the robot pick-
ing system of'the present disclosure is applied is not limited to
the 7-degree-of freedom mechanism and can be applied to a
6-degree-of freedom mechanism or any other mechanism
regardless of an axial constitution. A servomotor (not shown)
for rotationally driving the rotational joints J1 to J7 is
mounted in the arm section 8a, and the arm section 8a is
controlled by a control signal input from the control device 4.
Further, a sensor 9 for detecting a rotational angle is mounted
in each of the rotational joints J1 to J7. The sensor 9 outputs
a detected angle value to the control device 4 as sensor data
(see F1G. 4). The gripper 11 is mounted to the leading end of
the arm 8 of the robot R. The gripper 11 causes a pair of
members to perform an opening/closing operation and holds
the work W. The opening/closing operation of the gripper 11
is controlled by a control signal input from the control device
4.

A robot coordinate system C is set to the robot R. For
example, in the robot coordinate system C, a direction vertical
to the floor 12 on which the robot R is arranged is referred to
as a Z direction, and a direction parallel to the floor 12 is
referred to as an X direction. Further, a direction (a direction
vertical to a plane of paper) perpendicular to the X direction
and the Z direction is referred to as a'Y direction. For example,
apoint at which the robot R is fixed to the floor 12 is referred
to as a fixed point P, and the fixed point P is used as an original
point of the robot coordinate system C.

<Image Acquiring Device>

The image acquiring device 6 acquires image data includ-
ing information related to the work W, and outputs the image
data to the control device 4. The image data includes image
information including imaging data of a plurality of works W
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in the first stocker 2 and distance information of an object

shown in an image. As the image acquiring device 6 capable

of acquiring image data, for example, a stereo camera, a

distance image sensor or a device in which an image sensor is

combined with a range-finding sensor may be used.
<Control Device>

The control device 4 generates first trajectory data and
second trajectory data using angular data, image data, link
information related to the robot R, or the like. The control
device 4 operates the robot R using the first trajectory data and
the second trajectory data such that a target work WO is
picked up and transferred from the first stocker 2 to the second
stocker 3.

FIG. 3 is a diagram for describing the first trajectory data
and the second trajectory data. The first trajectory data and the
second trajectory data include information representing the
trajectory in which the gripper 11 moves between certain two
points and information related to the posture of the gripper 11
while on the move. As illustrated in FIG. 3, an example in
which the gripper 11 located at a start point Pr picks up the
target work WO positioned at a target point Pd, and transfers
the target work WO to an end point Pe in a work space WS will
be described as an example of the picking-up operation. The
work space WS is specified by the robot coordinate system C.

A representative point Ph representing the position of the
gripper 11 is set to the gripper 11. The first trajectory and the
second trajectory are a moving trajectory of the representative
point Ph. The position of the target work WO is represented
by the target point Pd set to the work space WS. The target
point Pd is a point that is set for each target work WO in the
work space WS based on the robot coordinate system C.
When the target work WO is picked up, the representative
point Ph of the gripper 11 overlaps the target point Pd of the
target work WO. The start point Pr at which the representative
point Ph is present when the picking-up operation starts, and
the end point Pe representing the transfer destination of the
target work WO are set to the work space WS. For example,
the end point Pe is set to the inside of the second stocker 3.

A first trajectory T1 is a moving path of the representative
point Ph of the gripper 11 from the start point Pr to the target
point Pd, and is a zone in which the posture of the gripper 11
is changed to the picking-up posture. The first trajectory T1
includes a first zone Z1 and a second zone 72 divided by a first
intermediate point (intermediate point) Pm1. In other words,
the first intermediate point Pm1 divides the first trajectory T1
into the first zone Z1 and the second zone Z2. The first zone
71 is a zone extending from the start point Pr to the first
intermediate point Pm1. In the first zone Z1, the representa-
tive point Ph of the gripper 11 moves from the start point Pr to
the first intermediate point Pm1, and the posture of the gripper
11 is changed from an initial posture to the picking-up pos-
ture. The initial posture refers to the posture in which the
gripper 11 starts the picking-up operation, and is, for
example, the posture of the gripper 11 atthe start point Pr. The
first intermediate point Pm1 is set above the target work WO
outside the first stocker 2 so that the distance of the first zone
71 is larger than the distance of the second zone Z2.

The second zone 72 is the moving path of the representa-
tive point Ph of the gripper 11 from the first intermediate point
Pm1 to the target point Pd, and is a zone in which the gripper
11 changed to the picking-up posture in the first zone Z1
approaches the target work WO. In the second zone 72, the
posture of the gripper 11 is held in the picking-up posture, and
the representative point Ph of the gripper 11 moves from the
first intermediate point Pm1 to the target point Pd. The second
zone 72 includes a third zone Z3 continued from the first
trajectory T1 via the first intermediate point Pm1 and a fourth
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zone 74 continued from the third zone Z3 via a second inter-
mediate point Pm2, and the third zone 73 and the fourth zone
74 are divided by the second intermediate point Pm2. The
second intermediate point Pm?2 is a point set on an extension
line extending from the target point Pd in an approach direc-
tion AL. The third zone 73 is a zone in which the gripper 11
moves from the first intermediate point Pm1 to the second
intermediate point Pm2 with the shortest distance while
avoiding an obstacle. The fourth zone 74 is a zone in which
the gripper 11 moves in the approach direction AL from the
second intermediate point Pm2 to the target point Pd.

A second trajectory T2 is the moving path of the gripper 11
from the target point Pd to the end point Pe. In the second
trajectory T2, the gripper 11 holding the target work WO
moves from the target point Pd to the end point Pe without
being interfered with an obstacle. The end point Pe is a point
representing the position of the transfer destination of the
target work WO.

The control device 4 outputs the control signal to the robot
R, and controls an operation of the robot R. The control device
4 is configured with a computer that is connected to be able to
perform communication with the robot R. FIG. 4 is a diagram
for describing a computer 100 configured to implement the
control device 4. FIG. 5 is a functional block diagram of the
control device 4. As illustrated in FI1G. 4, the computer 100 is
an example of hardware configuring the control device 4 of
the present embodiment. The computer 100 includes an infor-
mation processing device such as a person computer that
includes a central processing unit (CPU) and performs pro-
cessing or control by software. The computer 100 is config-
ured as a computer system that includes a CPU 101, a random
access memory (RAM) 102 and a read only memory (ROM)
103 which are main memory devices, an input device 104
such as a keyboard, a mouse, and a programming pedant, a
display unit 105 such as a display, an auxiliary memory
device 106 such as a hard disk, and the like. The functional
structural elements illustrated in FIG. 5 are implemented such
that certain computer software is read out to hardware such as
the CPU 101 and the RAM 102, the input device 104 and the
display unit 105 are operated under control of the CPU 101,
and data is read from or written in the RAM 102 or the
auxiliary memory device 106.

As illustrated in FIG. 5, angular data and image data are
input to the control device 4 from the sensor 9 and the image
acquiring device 6, respectively. The control device 4
includes an initial posture data generating unit 13, a target
work data generating unit 14, a picking-up posture data gen-
erating unit 16, and a trajectory data generating unit 17.

<Initial Posture Data Generating Unit>

The angular data is input to the initial posture data gener-
ating unit 13 from a plurality of the sensors 9. The initial
posture data generating unit 13 generates initial posture data
which will be described below, and then outputs the initial
posture data to the target work data generating unit 14 and the
trajectory data generating unit 17. Here, the initial posture
data refers to data including information of links .1 to L5 of
the robot R and the posture of the gripper 11 in the initial state
and coordinate information representing the position thereof.
The posture and the position are specified by the robot coor-
dinate system C. The initial posture data generating unit 13
calculates the initial posture data by a calculation based on the
forward kinematics using the angular data and the informa-
tion of the links L1 to L5 of the robot R.

<Target Work Data Generating Unit>

The image data and the initial posture data are input to the
target work data generating unit 14 from the image acquiring
device 6 and the initial posture data generating unit 13,
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respectively. The target work data generating unit 14 gener-
ates target work data using the image data and the initial
posture data, and then outputs the target work data to the
picking-up posture data generating unit 16 and the trajectory
data generating unit 17. Here, the target work data is data
including information specifying a target work serving as a
picking-up target among the plurality of works W accommo-
dated in the first stocker 2. For example, the target work may
be selected based on the distance between the gripper 11 and
the work W. Alternatively, the target work may be selected
using a required time necessary until the gripper 11 reaches
the respective works W from the initial position and the initial
posture thereof using information of the initial posture of the
gripper 11 included in the initial posture data.

<Picking-Up Posture Data Generating Unit>

The image data and the target work data are input to the
picking-up posture data generating unit 16 from the image
acquiring device 6 and the target work data generating unit
14, respectively. The picking-up posture data generating unit
16 generates picking-up posture data which will be described
below using the image data and the target work data, and then
outputs the picking-up posture data to the trajectory data
generating unit 17. The picking-up posture data is data for
setting the state of the gripper 11 when picking up the target
work WO. The picking-up posture data includes coordinates
of the target point Pd representing the position of the target
work WO, the picking-up posture of the gripper 11 for pick-
ing up the target work WO, and information of the approach
direction AL (see FIG. 9A) representing a direction in which
the gripper 11 approaches the target work WO. The target
point Pd is set to the target work WO specified by the target
work data based on the robot coordinate system C by a known
method using the image data including the distance informa-
tion. The picking-up posture of the gripper 11 is calculated
using the shape information of the target work WO. The
approach direction AL of the gripper 11 is calculated using
the shape information of the target work WO and the shape
information of the other works W around the target work WO.

<Trajectory Data Generating Unit>

The trajectory data generating unit 17 includes a trajectory
calculating unit 18, a position setting unit 19, and a trajectory
checking unit 21. The image data, the target work data, the
initial posture data, and the picking-up posture data are input
to the trajectory data generating unit 17 from the image
acquiring device 6, the target work data generating unit 14,
the initial posture data generating unit 13, and the picking-up
posture data generating unit 16, respectively. The trajectory
data generating unit 17 generates second trajectory data using
the above data, and outputs the data to a robot driving unit 22.
The second trajectory data includes the first trajectory data
including information of the first trajectory T1 connecting the
start point Pr with the target point Pd and information of the
second trajectory T2 connecting the position (the target point
Pd) at which the target work WO is picked up with the end
point Pe.

<Trajectory Calculating Unit>

The trajectory calculating unit 18 generates trajectory data
including moving information of the gripper 11 between two
points. The trajectory data includes information related to the
moving trajectory between two points and information
related to the posture between two points. The trajectory
calculating unit 18 generates the first trajectory T1 and the
second trajectory T2. Further, the trajectory calculating unit
18 revises the first trajectory T1 and the second trajectory T2
as necessary in order to avoid interference with a surrounding
obstacle. A known method may be used as a method of cal-
culating the trajectory avoiding interference.
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The first trajectory T1 is calculated using coordinate infor-
mation of the start point (initial position) Pr, the second inter-
mediate point Pm2, and the target point Pd. The first trajec-
tory T1 is calculated such that the trajectory between the
zones (the first zone Z1 and the third zone Z3) from the start
point Pr to the second intermediate point Pm2 is calculated,
the trajectory ofthe zone (the fourth zone Z4) from the second
intermediate point Pm2 to the target point is calculated, and
the two trajectories are connected. Since the zone from the
start point Pr to the second intermediate point Pm2 is a zone
extending the outside of the first stocker 2 to the inside
thereof, for example, a straight line-like trajectory, a curved
line-like trajectory, or a trajectory in which a straight line and
a curved line are combined is set to avoid interference with a
sidewall of the first stocker 2. Further, in the zone (the fourth
zone) from the second intermediate point Pm2 to the target
point Pd, the gripper 11 moves along the approach direction
AL, and thus a straight line-like trajectory is calculated.

Further, the trajectory calculating unit 18 adds information
representing that the posture of the gripper 11 at the start point
Pris the initial posture and the posture of the gripper 11 at the
first intermediate point Pm1, the second intermediate point,
or the target point Pd is the picking-up posture to the first
trajectory data.

The second trajectory T2 is calculated using the coordinate
information of the target point Pd and the end point Pe. The
second trajectory T2 is the trajectory extending to the outside
of'the first stocker 2 from the inside thereof, and thus a straight
line-like trajectory, a curved line-like trajectory, or a trajec-
tory in which a straight line and a curved line are combined is
set to avoid interference with the sidewall of the first stocker
2. Further, the trajectory calculating unit 18 adds information
representing that the posture of the gripper 11 at the target
point Pd is the picking-up posture and the posture of the
gripper 11 at the end point is an ending posture to the second
trajectory data. Here, the ending posture refers to the posture
of'the gripper 11 in which the target work WO is released. For
example, the ending posture is set based on an arrangement
and the posture of the work in the second stocker 3.

Here, a concrete example of a technique of generating the
trajectory interpolating between two points will be described.
FIG. 6 and FIGS. 7A to 7C are diagrams for describing a
trajectory generating technique. Examples of the trajectory
generating technique include a trajectory generating tech-
nique based on a joint space and a trajectory generating tech-
nique based on an orthogonal space.

A technique of generating a trajectory Ta based on the joint
space as illustrated in FIG. 6 will be described. Here, the joint
space refers to a space formed by active joint vectors. In the
interpolation method based on the joint space, angular veloc-
ity commands of the rotational joints J1 to J7 are generated
based on the difference between the joint angle of the robot R
at the initial point Pr and the joint angle of the robot R at the
target point Pd. In other words, the angular velocity com-
mands of the rotational joints J1 to J7 are generated based on
the distance from the start point Pr to the target point Pd1 and
a predetermined angular velocity. FIG. 7A is exemplary
angular velocity commands applied to the rotational joints J1
to J7. G1 is an angular velocity command applied to the
rotational joint J2, G2 is an angular velocity command
applied to the rotational joint J3, G3 is an angular velocity
command applied to the rotational joint J5, and G4 is an
angular velocity command applied to the rotational joint J6.
The angular velocity commands are generated so that the
angular velocities of the rotational joints J2, I3, J5, and J6 of
the robot R have a constant value except when an operation
starts or ends as illustrated in FIG. 7A. The exemplary angular
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velocity commands illustrated in FIG. 7A are generated under
the assumption of an operation on the XZ plane in the robot
coordinate system C. Thus, the angular velocities of the rota-
tional joints J1, J4, and J7 that operate the arm 8 in the Y
direction are set to zero (0).

Further, a method of generating a trajectory Tb based on
the orthogonal space will be described. In the interpolation
method based on the orthogonal space, orthogonal velocity
commands of translation velocities in the X axis directionand
the Z axis direction and a rotation velocity around the Z axis
in the robot coordinate system C are generated based on the
difference between the posture and the position of the gripper
11 at the start point Pr and the posture and the position of the
gripper 11 at the target point Pd. In other words, histories of
the translation velocity and the rotation velocity are generated
based on the distance from the start point Pr to the target point
Pd and a predetermined certain velocity. FIG. 7B illustrates
exemplary histories of the translation velocities in the X axis
direction and the Z axis direction and the rotation velocity
around the Z axis. G7 is a history of the translation velocity in
the X axis direction, G8 is a history of the translation velocity
in the Z axis direction, and G9 is a history of the rotation
velocity around the Z axis. The orthogonal velocity com-
mands are generated so that the translation velocity and the
rotation velocity are constant except when an operation starts
or ends as illustrated in FIG. 7B. The orthogonal velocity
commands illustrated in FIG. 7B are converted into the angu-
lar velocity commands for the respective rotational joints J1
to J7. For this conversion, a calculation is performed based on
the inverse kinematics. FIG. 7C illustrates a result of convert-
ing the orthogonal velocity commands into the angular veloc-
ity commands. G9 is an angular velocity command applied to
the rotational joint J2, G10 is an angular velocity command
applied to the rotational joint J3, G11 is an angular velocity
command applied to the rotational joint J5, and G12 is an
angular velocity command applied to the rotational joint J6.

<Position Setting Unit>

As illustrated in FIG. 5, the position setting unit 19 sets the
first intermediate point Pm1 and the second intermediate
point Pm2 on the first trajectory T1, and generates coordinate
information based on the robot coordinate system C repre-
senting the first intermediate point Pm1 and the second inter-
mediate point Pm2. The first intermediate point Pm1 is set for
each target work WO using the first trajectory T1, the coor-
dinate information of the target point Pd generated based on
the image data, and the shape information of the first stocker
2. The second intermediate point Pm2 is set using the coor-
dinate information of the target point Pd and the information
of'the approach direction AL included in the picking-up pos-
ture data. Further, the position setting unit 19 sets a desired
position as the end point Pe, and generates the coordinate
information based on the robot coordinate system C repre-
senting the end point Pe.

Here, the first intermediate point Pm1 and the second inter-
mediate point Pm2 are points set for each target work WO
based on information related to the target work WO and
information related to the first stocker 2.

<Trajectory Checking Unit>

There are cases in which an object serving as an obstacle to
the picking-up operation is present around the robot R and the
target work WO. For example, the sidewall of the first stocker
2 may serves as an object serving as the obstacle to the
picking-up operation. The trajectory checking unit 21 deter-
mines whether the operation of the gripper 11 according to the
first trajectory T1 and the second trajectory T2 is hindered by
interference with the obstacle. Here, the trajectory data is
specified based on the robot coordinate system C. The first
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stocker 2 serving as the obstacle is specified as data as well
using the robot coordinate system C as the reference coordi-
nates. In this case, since the trajectory and the obstacle are
specified in the space of the same robot coordinate system C,
it is possible to check the presence or absence of interference
using a known calculation method. When there is interfer-
ence, the trajectory checking unit 21 outputs a command for
revising the first trajectory T1 or the second trajectory T2 to
the trajectory calculating unit 18.

Further, the trajectory checking unit 21 determines
whether an operation according to the trajectory can be per-
formed without exceeding the movable range of the robot R.
The movable range is set to each of the rotational joints J1 to
J7 of the robot R. A range in which the whole robot R can
move is set based on the movable ranges of the rotational
joints and the lengths of the links .1 to L5. Further, the
movable range of the present embodiment may be a range
obtained by adding a safety margin to the range in which the
whole robot R can move. Alternatively, the movable range
may be a range that is set in view of a singular point of the
links [.1 to L5 in addition to the movable ranges of the
rotational joints J1 to J7. When it is not possible to perform an
operation without exceeding the movable range, the trajec-
tory checking unit 21 outputs a command for revising the first
trajectory T1 or the second trajectory T2 to the trajectory
calculating unit 18.

<Robot Driving Unit>

The first trajectory data and the second trajectory data are
input to the robot driving unit 22. The robot driving unit 22
controls a motor included in the robot R based on the first
trajectory data and the second trajectory data such that the
gripper 11 moves according to the first trajectory T1 and the
second trajectory T2, and the posture of the gripper 11 is
changed to a certain posture.

Next, a process of the picking-up operation performed by
the robot picking system 1 will be described. FIG. 8 is a
diagram for describing a main process of performing the
picking-up operation. FIGS. 9A and 9B and FIGS. 10A and
10B are diagrams for describing a process of generating the
trajectory.

As illustrated in FIG. 8, first of all, the image data of the
first stocker 2 is acquired using the image acquiring device 6,
and the image data is output to the control device 4 (process
S1). Then, the target work data generating unit 14 generates
the target work data (process S2). The initial posture data
generating unit 13 generates the initial posture data (process
S3), and then the picking-up posture data generating unit 16
generates the picking-up posture data (process S4) (see FIG.
9A). In FIG. 9A, the picking-up posture of the gripper 11 is
represented by an alternate long and two short dashes line.

Then, the trajectory data generating unit 17 generates the
trajectory data. First of all, the position setting unit 19 calcu-
lates the coordinate information of the second intermediate
point Pm2 (process S5) (see FIG. 9B). Then, the trajectory
calculating unit 18 generates a trajectory T3a connecting the
start point Pr with the second intermediate point Pm2 and a
trajectory T4 connecting the second intermediate point Pm2
with the target point Pd (process S6) (see FIG. 10A).

The trajectory checking unit 21 checks the trajectory T3a
generated in process S6, that is, checks whether it is possible
to perform an operation according to the first trajectory T1
(process S7). In the example illustrated in FIG. 10A, interfer-
ence with the first stocker 2 occurs in the trajectory T3a (NO
in process S7). Thus, the trajectory calculating unit 18 revises
a first zone T3a of the first trajectory T1 to a first zone T35
(process S8). According to the first trajectory T1 including the
revised curved line-like first zone T35 and the straight line-
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like zone T4, interference with the first stocker 2 does not
occur (YES in process S7). Thus, in this case, the subsequent
process S9 is performed.

Then, the position setting unit 19 sets the first intermediate
point Pm1 on the first trajectory T1 (process S9), and sets the
end point Pe in the second stocker 3 (process S10). Then, the
trajectory calculating unit 18 generates a second trajectory T3
connecting the target point Pd with the end point Pe with the
shortest distance (process S11). Then, the trajectory checking
unit 21 checks the second trajectory T3 generated in process
S11, that is, checks whether it is possible to perform an
operation according to the second trajectory T3 (process
S12).

In the example illustrated in FIG. 10B, according to the
straight line-like second trajectory T3 connecting the target
point Pd with the end point Pe, interference with the first
stocker 2 occurs (NO in process S12). Thus, the trajectory
calculating unit 18 revises the second trajectory T3 to the
second trajectory T2 (process S13). According o the revised
second trajectory T2, interference with the first stocker 2 does
not occur (YES in process S12). Thus, in this case, the sub-
sequent process S14 is performed. Then, the robot driving
unit 22 drives the robot R to perform the picking-up operation
(process S14).

Meanwhile, when the posture of the gripper 11 is changed
to the picking-up posture after the gripper 11 approaches the
target work WO, there are cases in which the gripper 11
comes in contact with the target work WO or the work W near
the target work WO. Further, there are cases in which the
position or the posture of the target work WO changes due to
the contact with the gripper 11. The picking-up posture data is
generated based on the position and the posture before the
change. For this reason, when the position or the posture of
the target work WO changes, the probability of the successful
picking-up operation by the gripper 11 is likely to decrease.

However, according to the robot picking system 1 of the
present embodiment, the control device 4 calculates the pick-
ing-up posture and the approach direction AL. Then, the robot
driving unit 22 changes the posture of the gripper 11 to the
picking-up posture in the first zone Z1 in which the gripper 11
does not come in contact with the target work WO or the like,
and causes the gripper 11 to approach the target work WO
according to the approach direction AL in the second zone 72
while maintaining the picking-up posture. Through this
operation, even when the posture of the gripper 11 changes,
the position and the posture of the target work WO do not
change. Thus, the probability of the successful picking-up
operation increases, and it is possible to efficiently take out
the target work WO.

Further, there are cases in which in an operation of taking
out a work using a robot including a work holding unit, in
order to rapidly move the work holding unit while avoiding
the work holding unit interfering with a surrounding object,
an approach position is set to the trajectory of the work
holding unit in advance. According to the operation of taking
out a work along the trajectory, the work holding unit has to
pass though the approach position, and thus it may be difficult
to efficiently take out a work.

In this regard, it is an object of the present disclosure to
provide a robot picking system a control device and a method
of manufacturing a workpiece, which are capable of effi-
ciently taking out a work. According to the robot picking
system of the present disclosure described above, it is pos-
sible to efficiently take out a work.

According to the robot picking system 1 of the present
embodiment, since the control device 4 includes the trajec-
tory data generating unit 17, it is possible to generate the first
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trajectory T1. The first trajectory T1 includes the first zone Z1
in which the posture of the gripper 11 is changed from the
initial posture to the picking-up posture and the second zone
72 in which the gripper 11 approaches the target work WO
while maintaining the picking-up posture. Thus, since the
control of changing the posture is performed separately from
the control of causing the gripper 11 to approach the target
work WO, it is possible to control the position and the posture
of the gripper 11 easily and reliably.

According to the robot picking system 1 of the present
embodiment, the control device 4 includes the position set-
ting unit 19, and thus the first zone Z1 in which interference
with the first stocker 2 or the like is prevented can be set on the
first trajectory T1.

According to the robot picking system 1 of the present
embodiment, the control device 4 includes the picking-up
posture data generating unit 16. According to the picking-up
posture data generating unit 16, it is possible to set the pick-
ing-up posture and the approach direction AL according to
the state of the target work WO, the probability of success in
picking up can be increased. Thus, it is possible to take out the
target work WO more efficiently.

According to the robot picking system 1 of the present
embodiment, the position setting unit 19 sets the first inter-
mediate point Pm1 to the position at which the length of the
first zone 71 is larger than the length of the second zone Z2.
According to this setting, since a sufficient time for changing
the posture can be secured, it is possible to easily control the
posture of the gripper 11.

Further, the position setting unit 19 sets the first interme-
diate point Pm1 at the position higher than the target work
WO. According to this setting, the posture of the gripper 11 is
changed at the position higher than the target work WO. Thus,
it is possible to change the posture of the gripper 11 without
causing the gripper 11 to come in contact with the work W.

Further, the position setting unit 19 sets the first interme-
diate point Pm1 outside the first stocker 2. According to this
setting, the posture of the gripper 11 is changed outside the
first stocker 2. Thus it is possible to change the posture of the
gripper 11 without causing the gripper 11 to come in contact
with the work W and the first stocker 2.

According to the robot picking system 1 of the present
embodiment, different moving routes are set as the first tra-
jectory T1 and the second trajectory T2. Thus, a route appro-
priate to approach the target work WO can be set as the first
trajectory T1, and a route appropriate to take out the target
work WO can be set as the second trajectory T2. Thus, it is
possible to reduce a required time for movement from the
start point Pr to the end point Pe at which the target work WO
is released via the target point Pd at which the target work WO
is picked up.

According to the robot picking system 1 of the present
embodiment, the position setting unit 19 sets the first inter-
mediate point Pm1 and the second intermediate point Pmt
which are specific for each target work WO using the infor-
mation related to the target work WO and information related
to the first stocker 2. Thus, the position setting unit 19 can set
the first trajectory T1 including the first zone 71 and the
second zone 72 according to the individual target work WO.
Accordingly, since the picking-up condition corresponding to
each target work WO can be set, it is possible to efficiently
take out the target work WO.

The exemplary embodiment of the present invention has
been described above, but the present invention is not limited
to the above embodiment, and various changes can be made
within the scope not departing from the gist thereof. For
example, the image acquiring device 6 may be arranged at an
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arbitrary position capable of photographing the work W of the
first stocker 2 instead of being mounted to the leading end of
the arm 8 of the robot R.

Further, in the above embodiment, the method of selecting
the target work WO, the method of calculating the trajectory,
and the method of checking the presence or absence of inter-
ference are exemplary, and not limited to the methods
described in the present embodiment.

Further, in the above embodiment, the position setting unit
19 sets the first intermediate point Pm1 using the three con-
ditions, that is, the condition in which the first intermediate
point Pm1 is set to the position at which the length of the first
zone Z1 is larger than the length of the second zone 72, the
condition in which the first intermediate point Pm1 is set to
the position higher than the target work WO, and the condi-
tion in which the first intermediate point Pm1 is set outside the
first stocker 2. When the position setting unit 19 sets the first
intermediate point Pm1, all of the above conditions need not
be applied, and one condition or a combination of two or more
conditions may be applied.

Further, in the above embodiment, the robot R may be a
vertical dual arm robot.

Further, a desired product (workpiece) may be manufac-
tured using the robot picking system 1 described above.

Indeed, the novel devices and methods described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the devices and methods described herein may be made with-
out departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover such
forms or modification as would fall within the scope and spirit
of the inventions.

Certain aspects, advantages, and novel features of the
embodiment have been described herein. It is to be under-
stood that not necessarily all such advantages may be
achieved in accordance with any particular embodiment of
the invention. Thus, the invention may be embodied or carried
out in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested
herein.

What is claimed is:

1. A robot picking system, comprising:

arobot including a picking-up unit that picks up a work in
a stocker accommodating a plurality of works;

a control device that controls an operation of the robot; and

an image acquiring device that acquires image data includ-
ing information related to the plurality of works,

wherein the control device includes a picking-up posture
data generating unit that uses the image data to generate
a picking-up posture data, and a trajectory data generat-
ing unit that uses the picking-up posture data to generate
a first trajectory including a first zone in which a posture
of the picking-up unit is changed and a second zone in
which the picking-up unit having the changed posture
approaches a target work that is a picking-up target,

the picking-up posture data sets a state of the picking-up
unit when picking up the target work, and

the second zone includes a third zone in which the picking-
up unit is moved so as to avoid obstacles, and the second
zone also includes a fourth zone in which the picking-up
unit is moved along an approach direction to a target
point at which the target work is gripped.
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2. The robot picking system according to claim 1,

wherein the control device further comprises a position

setting unit that sets an intermediate point dividing the
first trajectory into the first zone and the second zone on
the first trajectory,

the first zone is a zone extending from an initial position of

the picking-up unit to the intermediate point, and

the second zone is a zone extending from the intermediate

point to the target work.

3. The robot picking system according to claim 2,

wherein, in the first zone, the posture of the picking-up unit

is changed from an initial posture for picking up to the
picking-up posture.

4. The robot picking system according to claim 2,

wherein the position setting unit sets the intermediate point

to a position at which a length of the first zone is larger
than a length of the second zone.

5. The robot picking system according to claim 2,

wherein the position setting unit sets the intermediate point

to a position higher than the target work.

6. The robot picking system according to claim 2,

wherein the position setting unit sets the intermediate point

outside the stocker, and

wherein the position setting unit uses the picking-up pos-

ture data to set a second intermediate point which
divides the second zone into the third zone and the fourth
zone, a path of the picking-up unit changing at the sec-
ond intermediate point when the picking-up unit is
moved along the approach direction to the target point.

7. The robot picking system according to claim 2,

wherein the position setting unit further sets an end point of

movement when the picking-up unit moves the target
work in a picking-up state,

the trajectory data generating unit generates a second tra-

jectory extending from the target point at which the
target work is gripped to the end point, and

the first trajectory and the second trajectory are different

moving routes.

8. A method of manufacturing a workpiece by using the
robot picking system defined in claim 1.

9. A robot picking system, comprising:

a robot including a picking-up unit that picks up a work in

a stocker accommodating a plurality of works;
a control device that controls an operation of the robot; and
an image acquiring device that acquires image data includ-
ing information related to the plurality of works,

wherein the control device uses the image data to generate
a picking-up posture data and uses the picking-up pos-
ture data to generate a first trajectory including a first
zone in which a posture of the picking-up unit is changed
and a second zone in which the picking-up unit having
the changed posture approaches a target work that is a
picking-up target,

the picking-up posture data sets a state of the picking-up

unit when picking up the target work, and the second
zone includes a third zone in which the picking-up unit
is moved so as to avoid obstacles, and the second zone
also includes a fourth zone in which the picking-up unit
is moved along an approach direction to a target point at
which the target work is gripped.

10. A control device that controls an operation of a robot
including a picking-up unit that picks up a work in a stocker
accommodating a plurality of works using image data includ-
ing information related to the plurality of works, the device
comprising:

a picking-up posture generating unit that uses the image

data to generate a picking-up posture data; and
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a trajectory data generating unit that uses the picking-up
posture data to generate a first trajectory including a first
zone in which a posture of the picking-up unit is changed
and a second zone in which the picking-up unit having
the changed posture approaches a target work that is a
picking-up target,

the picking-up posture data sets a state of picking-up unit
when picking up the target work, and

the second zone includes a third zone in which the picking-
up unit is moved so as to avoid obstacles, and the second
zone also includes a fourth zone in which the picking-up
unit is moved along an approach direction to a target
point at which the target work is gripped.

11. The robot picking system according to claim 3,

wherein the position setting unit sets the intermediate point
to a position at which a length of the first zone is larger
than a length of the second zone.

12. The robot picking system according to claim 3,

wherein the position setting unit sets the intermediate point
to a position higher than the target work.

13. The robot picking system according to claim 4,

wherein the position setting unit sets the intermediate point
to a position higher than the target work.

14. The robot picking system according to claim 3,

wherein the position setting unit sets the intermediate point
outside the stocker.

15. The robot picking system according to claim 4,

wherein the position setting unit sets the intermediate point
outside the stocker.

16. The robot picking system according to claim 5,

wherein the position setting unit sets the intermediate point
outside the stocker.

17. The robot picking system according to claim 3,

wherein the position setting unit further sets an end point of
movement when the picking-up unit moves the target
work in a picking-up state,
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the trajectory data generating unit generates a second tra-
jectory extending from the target point at which the
target work is gripped to the end point, and

the first trajectory and the second trajectory are different
moving routes.

18. The robot picking system according to claim 4,

wherein the position setting unit further sets an end point of
movement when the picking-up unit moves the target
work in a picking-up state,

the trajectory data generating unit generates a second tra-
jectory extending from the target point at which the
target work is gripped to the end point, and

the first trajectory and the second trajectory are different
moving routes.

19. The robot picking system according to claim 5,

wherein the position setting unit further sets an end point of
movement when the picking-up unit moves the target
work in a picking-up state,

the trajectory data generating unit generates a second tra-
jectory extending from the target point at which the
target work is gripped to the end point, and

the first trajectory and the second trajectory are different
moving routes.

20. The robot picking system according to claim 6,

wherein the position setting unit further sets an end point of
movement when the picking-up unit moves the target
work in a picking-up state,

the trajectory data generating unit generates a second tra-
jectory extending from the target point at which the
target work is gripped to the end point, and

the first trajectory and the second trajectory are different
moving routes.



